Introduction
Tetracyclines are an important group of antibiotic agents used in human and veterinary medicine.
Oxytetracycline (OTC), tetracycline (TC), chlortetracycline (CTC) and doxycycline (DC) are the most commonly used tetracycline compounds. Tetracyclines have a broad-spectrum activity against both Gram-positive and Gram-negative bacteria. They interfere with the bacterial protein synthesis in rapidly growing and reproducing bacterial cells and inhibit the metabolism of the bacteria (FIDIN Repertorium Diergeneesmiddelen 2000) .
The toxicity of tetracyclines is low, but after prolonged therapy or contact, infections with resistant organisms, allergic reactions and vitamin B deficiencies may occur. The use of tetracyclines during pregnancy and by young children and animals has adverse effects on skeleton formation (Mol 1975) . The metabolism of tetracyclines was extensively studied in several species (FAO Food and Nutrition Paper 1990) . With the exception of metal chelate formation, no chemical transformation occurred in the body. Small amounts of 4-epimers were detected, however, that was attributed to chemical instability at physiological conditions rather than to metabolic transformation.
Tetracyclines are included in Annex I of Council Regulation [ECC] 2377/90 (1990) and
Maximum Residue Limits (MRLs) have been established. The MRL for OTC, TC and CTC is defined as the sum of the tetracycline and its 4-epimer and is set at 100 µ g/kg in muscle for all food producing species. For DC the MRL is set at 100 µ g/kg in muscle tissue for DC only (Committee for Veterinary Medical Products 1995 and 1997) . A proficiency test for tetracyclines in poultry muscle was organised, to allow laboratories to evaluate and demonstrate the reliability of the data that are produced. In addition to validation and accreditation, proficiency testing is an important requirement of the European Union (EU) (Council Directive 93/99/EEC 1999) and is increasingly important in laboratory accreditation according to NEN-EN-ISO/IEC 17025 (2005) . This proficiency test was carried out according to the guidelines in ILAC-G13(2000) . Statistical analysis was performed according to ISO/IEC Guide 43-1 and ISO/IEC Guide 43-2.
Materials and Methods

Test Materials
Three materials (Table I) were prepared containing different concentrations of OTC, 4-epiOTC and DC by adding solutions of OTC, 4-epiOTC and DC (Sigma-Aldrich, St Louis, MO, USA) in methanol to minced blank poultry muscle. The materials were manually homogenised and subsequently frozen using liquid nitrogen and kept under cryogenic conditions during further grinding and homogenisation. The deep-frozen materials were minced using a Stephan (Stephan Machinery, Hameln, Germany) UMC 5 Electronic food processor and subsequently finely ground using a Retsch (Haan, Germany) Grindomix GM200 mill. The resulting cryogenic powder was seived to remove lumbs of material which were minced again. The seived powder was homogenised by stirring for 10 min.
[ Insert table I about here] Materials A, B and C were weighed in portions (20 g) and stored in polyethylene containers.
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Sample distribution
Participants were invited to take part in this study based on their involvement in the field of veterinary drug residue analysis. In total seventeen laboratories where invited from both within and outside the EU including several National Reference Laboratories (NRLs). Sixteen laboratories agreed to participate. Sample sets were packed in insulating boxes containing dry ice and were sent to the participants, accompanied by instructions and a result form. Participants were requested to carry out duplicate analysis using the methods they routinely use in the analysis of tetracycline residues. The results were due within seven weeks after shipment of the samples.
Method of analysis
For the purpose of homogeneity and stability testing an in-house validated LC/MS/MS method was used compliant with Commission Decision 2002/657/EC. An aliquot (2 g) of the sample was weighed and transferred to a centrifuge tube. Demeclocycline (demethylchlortetracycline, DMC) was added as the internal standard. The sample was extracted twice with 25 mL of McIlvain buffer (0.1N, pH=4.0). The combined extract was centrifuged (3500 g) and filtered using a glass microfibre filter (Whatman , Brentford, Middlesex, UK). Filtered extract (30 mL) was applied to a preconditioned OASIS® HLB (Waters, Milford, MA, US) extraction column (60 mg, 3CC).
After washing with McIlvain buffer and water, the analytes were eluted using 3mL of methanol. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The eluent was evaporated to dryness (N2, 50°C) and the residues were dissolved in HPLC mobile phase.
The LC-system consisted of a Waters Alliance 2690 equipped with a Waters SymmetryR C18 (3 x 150 mm, 5 µm) analytical column and a thermostatic oven (Spark, Emmen, NL) maintained at a temperature of 10°C. The tetracyclines were chromatographically separated using a lineair acetonitrile gradient in 1 mM ammonium formate (pH=2.6) starting at t=0 min at 0% acetonitrile, increasing the acetonitrile content to 50% at t=10 min and further to 100% at 14 min. Detection The amount of tetracyclines in the samples was calculated with the internal standard method using the ratio of the peak area of the most abundant product ion of the tetracycline and the peak area of the internal standard. Calibration was carried out using extracted matrix-matched standards fortified at concentration levels ranging from 0.25 -5*MRL. The limit of detection (LoD) for this method was 10µ g/kg (0.1*MRL). 
Homogeneity of the test materials
Stability of the test materials
From the homogeneity data, the amount of tetracycline residues in the materials, just after preparation, was calculated. Ten randomly chosen samples of each material were stored at -80°C
to assure the absence of degradation of the tetracycline residues. After 71 days, three containers each of material B and C were analysed. After this analysis, the containers were stored at -20°C to study the stability at generally applied storage conditions. Fourteen days hereafter (corresponding with the deadline for reporting results), the containers were analysed again. In this way, the procedure includes an extra defrosting and freezing cycle. This is essential because some laboratories carried out a duplicate analyses of each sample on different days (i.e. sreening and quantitative analysis). This most likely involves an extra freezing and defrosting cycle.
For both points in time, the average result was calculated. The results of the initial analyses were compared to the results after 71 and 85 days of storage, using a Students t-test (Fearn et al. 2001) .
In this test, the standard deviation of the analyses at the three points in time was considered the same, because the same analytical procedure was applied to obtain the results, and was derived from the validation results. A z-score between -2 and 2 is regarded as a satisfactory result. Z-scores between 2 and 3 as well as between -3 and -2, are considered as questionable results. Z-scores below -3 and above 3 are considered unsatisfactory.
Precision. In the design of this proficiency test, blind duplicate samples of each material were submitted to the participants. Therefore, every laboratory reported two pairs of results for each material. From the results of the blind pairs of material B and C the repeatability standard deviation (s r ) and the within-lab-reproducibility standard deviation (s RL ) were calculated according to ISO 5725-2 (1994) .
To inform participants about their performance for precision, the Horwitz-ratio (HORRAT) (Official Methods of Analysis Program Manual 2002) was used. The HORRAT was calculated from the within-lab reproducibility (Eq. 3). The reproducibility standard deviation (s R ) includes inter-laboratory variation and therefore is likely to be higher than the within-lab reproducibility standard deviation (s RL ). Because the HORRAT value is calculated from s RL instead of s R , this value presents a best case situation and is not suitable for an exact numerical evaluation but is only indicative of the achieved precision. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 reason that the HORRAT value should be substantially below 1.0. Nonetheless, for the purpose of this study, a HORRAT value is not regarded as a questionable result unless it exceeds 1.0.
Results and Discussion
Participants
Sixteen out of seventeen invited laboratories agreed to participate in the proficiency test. Eleven of those laboratories managed to submit their results for OTC. From those laboratories, two did not include DC in the analysis. Consequently nine laboratories submitted results for DC. None of the participating laboratories reported values for TC and CTC. The majority of participants analysed the samples in duplicate. Only participants 1 and 16 reported one result per sample.
Participants methodologies
The participants applied different sample preparation methods and detection techniques for the analysis of tetracyclines. The majority of the participants extracted the poultry muscle samples using an aqueous and slightly acidic extraction medium. An EDTA-McIlvain buffer was commonly applied. Other extraction solvents include sodium succinate solution, acetonitrile and heptane, or trichloroacetic acid solution.
By far the most common sample clean-up procedure reported was solid phase extraction (SPE) using a polymer-based phase. In one laboratory this step was preceded by clean-up using a chelated sepharose column loaded with copper ions. Two participants used a C18 material for the SPE procedure. Two other participants only filtered their extract before analysis without further purification. Although 4-epimers are not metabolically formed in significant amounts (FAO Food and Nutrition Paper 1990), they may be formed during sample storage, preparation and extraction especially under acidic conditions. It is therefore of importance to include the 4-epimers in the method of analysis. Only four of the participating laboratories paid specific attention to the presence of 4-epiOTC, 4-epiTC and 4-epiCTC. Two other laboratories included just one of the 4-epimers. When epimer analysis was included, 4-epiOTC often co-eluted with OTC. Those participants quantified the sum of 4-epiOTC and OTC using OTC calibrants. When 4-epiOTC and OTC were chromatographically separated, the participants quantified these compounds using separate calibrants for both 4-epiOTC and OTC or they quantified both compounds using OTC calibrants. Considering the short retention times of OTC reported by some participants that also stated that they did not include 4-epiOTC in their analysis, it is likely that in those cases 4-epiOTC and OTC co-eluted. It could well be possible that those participants included 4-epiOTC 
Results of analysis
Quantitative results. Eleven participants reported results for the materials A, B and C. Laboratory 1 and 16 reported only a single value for all samples. Laboratory 3 and 7 did not include DC in their analyses and were therefore not able to report any values for this analyte.
Laboratory 5 detected OTC in both samples of material A with amounts ranging from 40 to 113 µg/kg in contrast to the other participants that unequivocally did not detect any tetracycline residues in this material. Laboratory 5 did not detect any DC in these samples, however, none of the materials sent out to the participants contained OTC as the only analyte. Despite that the identity of OTC was confirmed by participant 5 using LC/MS/MS, this result was considered as a false-positive result which is most likely attributed to contamination of the sample at the laboratory.
Laboratory 6 did not find any tetracycline residues in one of the samples of material C. This was considered as a false-negative result.
[Insert An overview of the participants results, including the calculated assigned value, uncertainty of the assigned value and the target standard deviation is presented in Tables IV-VII For OTC, this calculation resulted in an expected CC α of 152 µ g/kg for laboratory 5, whereas the reported CC α is 115 µg/kg (Table VIII) . This indicates that the within-lab reproducibility for OTC for this laboratory is worse than is suggested by the reported CC α even when considering that due to the limited number of data, the uncertainty in the calculated CC α is considerable.
Regarding the analysis of DC of laboratory 9 an expected CCα of 132 µg/kg was calculated, whereas the reported CC α is 119 µ g/kg. This indicates that also for this laboratory the within-lab reproducibility for DC is worse than is suggested by the reported CCα. Laboratory 10, on the other hand, reported relatively high values for CC α (153 µ/kg) and CCß (206 µg/kg) for DC, indicating variable method performance for this compound. The expected CC α calculated from the data in this proficiency study however, is 114 µg/kg. This indicates that, for this laboratory the within-lab reproducibility for DC is better than is suggested by the reported CC α .
This comparison could not be made for laboratory 1 and 16 due to the lack of duplicate results.
The comparison showed however, that the suggested good within-lab reproducibility of some laboratories is not supported by the data reported in the framework of this proficiency study.
[Insert 
Conclusions
This proficiency study was carried out to enable laboratories to demonstrate or evaluate their performance for the analysis of tetracycline residues in poultry muscle. Seventeen laboratories were invited to participate of which sixteen laboratories agreed to take part. Eleven of those reported results within the time frame of the study. Although most laboratories obtained satisfactory results for accuracy and precision, it is clear that in some laboratories there are difficulties regarding the analysis of tetracyclines residues.
Eight out of eleven participants (i.e. 72%) demonstrated acceptable performance for the analysis of OTC and DC in poultry muscle with respect to accuracy, precision and the occurrence of falsepositive and false-negative results. A significant variation in the results for OTC was observed.
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